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HISTOLOGIC OBSERVATIONS ON THE HUMAN APOCRINE SWEAT
GLAND IN HEALTH AND DISEASE*
WALTER B. SHELLEY, M.D., Pu.D. AND EDWIN J. LEVY, M.D.
Recently, Holyoke and Lobitz (1) reported upon the histologic variations
which occur in the structure of the human ecerine sweat gland. The present
study was undertaken to secure parallel data with respect to the apocrine sweat
gland. Histopathologists have had little acquaintance with the apocrine gland
since relatively few biopsies are obtained from apocrine areas such as the axilla,
and, of these, most are too superficial to include the glands. Review of 25,000
biopsy reports and specimens in the dermatologic files at the University of
Pennsylvania revealed 146 to be from the axilla. However, only 12 proved to
be adequate for observation of the apocrine gland. It became obvious that
broader knowledge of the histology of the apocrme sweat gland could come only
after a study of axillary biopsies of adequate size and depth. With this in mind,
we surgically excised axillary skin from 75 patients with a variety of diseases
involving the axilla (Table 1). Another 75 biopsy specimens from normal axillae
were excised for control data. All of the specimens were over 2 cm. in length
and of such depth as to include subcutaneous fat. They were serially sectioned
to permit complete study of the entire range of changes. Staining was done
routinely with heinatoxylin and eosin.
A. NORMAL FINDINGS
The normal apocrine sweat gland of the axilla is a simple tubular gland divided
into a duct and a secretory coil. The duct is a straight tube which carries the
apocrine sweat to the surface, usually opening into the pilosebaceous orifice
(Fig. 1). Occasionally apocrine ducts may open directly onto the skin surface
like eccrine, but generally they form part of what may be called the apo-pilo-
sebaceous unit.
Histologically the duct is lined with a double layer of cuboidal cells like those
of the eccrine duct (Fig. 2). It is hard to distinguish between apocrine and eccrine
ducts, but the following points may permit differentiation:
(1) The eccrine duct never empties into the wall of the pilo-sebaceous orifice.
(2) The apocrine duct within the epidermis is straight, unlike the eccrine duct
which commonly spirals.
(3) The cells lining the apocrine duct have no distinct cuticular border like
that usually seen in cells lining the eccrine duct.
On routine staining, the duct loses its histologic identity within the epidermis,
but it is nonetheless possible that it actually remains a unit, like the epidermal
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TABLE I
Source of Axillary Biopsy Material for Apocrine Gland Study
I. Distinctive Apocrine Gland Findings:
Apocrine miliaria (Fox-Fordyce)
Apocrine retention cyst
Hidradenitis suppurativa
II. Non-specific or No Apoerine Gland Changes:
Bullous diseases
Erythema multiforme
Pemphigus vulgaris
Familial chronic benign pemphigus
Dermatitis
Cellulitis
Contact
Exfoliative
Neurodermatitis
Seborrheic
Epidermal tumors*
Basal cell epithelioma
Epidermal cyst
Nevus, cellular
Sebaceous cyst
Seborrheic keratosis
Malignancy
Mycosis fungoides
Leukemin cutis
Medical
Arsenical poisoning
Biliary cirrhosis
Hemochromatosis
Hirsutism
Hypothyroidism
Lupus erythematosus, systemic
Turner's syndrome
Miscellaneous
Acanthosis nigricans
Ectodermal defect
Excessive odort
Lichen planus
Lichen sclerosus et atrophicus
Lipoid protein osis
Neurofibromatosis
Psoriasis
Tinea corporis
* Tumors of apocrine origin not observed.
t No cytologic distinction could be made between these apocrine glands and those of
control.
eccrine duct (1). The apocrine pore is filled with flaky keratinous material
identical with that found in the follicular orifice. This material may be seen
extending a short distance into the terminal duct itself.
At the lower end of the duct there is an abrupt morphologic transition to the
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FIG. 1. The normal apocrine duct is a straight tube which opens into the pilosehaceous
orifice. The keratin in the terminal duct is flaky, identical to that in the pilosebaceous orifice.
This type of keratinous material does not indicate obstruction of the duct. Magnification
130X.
apocrine secretory coil (Fig. 3). The lining of these secretory coils is remarkably
distinct and is readily distinguished from that seen in the ecerine gland. Basically
it is an irregular columnar type of epithelium of one cell thickness. Upon dilata-
tion of the lumen these columnar cells may become cuboidal. Examples of the
normal cell variation are seen in Fig. 4. The cytodynamies of secretion are still
under study, but it now seems evident that "decapitation" or pinching off of the
terminal cytoplasm does not actually occur. Montagna and his group have
disclosed more subtle mechanisms (2). The secretory cell shows a cycle of changes
in size, probably being highest at rest and lowest after active secretion. Nothing
definite can be said in this regard, as yet, siDee the varying planes of section
make any appraisal of the secretory stage of a given gland or lumen hazardous.
The cells contain numerous granules (Fig. 4e), some of which are pigmented
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FIG. 2. High power view of the apoerine duct wall, showing two layers of cuboidal
cells. Unlike the ecerine duet, the cells lining the apoerine duet have no distinct euticular
membrane ("brush border"). Magnification 920X.
Fin. 3. Lower end of the apoerine duct with abrupt transition to the secretory coil, shown
by arrows. Magnification 255X.
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FIG. 4. Cytology of normal apocrine secretory tubule. The secretory cells show a cycle
of changes in size with the various phases of secretory activity. (a) There is some variation
in the height of the secretory cells, hut all are large and full. Magnification 260X. (b)
Cross-section showing the usual appearance of a normal secretory tubule of apocrine gland.
Magnification 490X. (c) The secretory cells may contain numerous yellow-brown granules.
Magnification 6201<. (d) High power view showing an apparent pinching off of terminal
cytoplasm. This "decapitation" is now felt to he an artefact. Magnification 13301<.
and present a yel1owbrowrn appearance even in sections stained with hematoxylin
and eosin. Little is known regarding these granules, aside from the fact that, if
present in large numbers, they may color the apocrine sweat, as seen in localized
chromidrosis (3). Mitotic figures (Fig. 5a) are rare in the apocrine gland cells.
The secretory cells lining the gland rest on a mesh of rnyoepithelium and
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FIG. 5. (a) An apocrine secretory cell illustrating a mitotic figure. These are rare in apo-
crine gland cells. Magnification 1320X. (b) The apocrine gland has a rich capillary blood
supply. Arrow points out a capillary to an apocrine gland. Magnification 620X.
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FIG. 6. Close-up view of myocpithelium and basement membrane. Note linear cells and
linear nuclei of myocpithelium. Tangential section demonstrates that the myocpithclium
is a muscular sheath which envelops the gland. Contraction of the myocpithclium forces
sweat to the skin surface. Magnification 620X.
hyalin basement membrane. The myoepithelium is indistinct on cross-section;
however, a parallel section demonstrates that the myoepithelium consists of long
narrow fibrillar cells with linear nuclei (Fig. 6). Thus, it is an enveloping muscular
sheath which contracts and forces the sweat to the skin surface (4).
The gland is richly supplied by numerous capillaries, one of which is clearly
shown in Fig. Sb.
B. NON-SPECIFIC STRUCTURAL ALTERATIONS IN APOCRINE SWEAT GLAND
Dilatation was the single most common change noted in apocrine gland struc-
ture. Many dilated glands represented the normal physiologic state just before
emptying, wherein the gland was filled with secretion (Fig. 4a). However,
dilatation as structural alteration did occur at all levels in the duct and secretory
portion. If marked, this dilatation resulted in a cyst. The cell walls of these
cysts often were flattened beyond recognition. However, by a study of serial
sections it was possible to trace many of these dilated cystic glands to a dense
compact keratinous mass in the duct orifice. By inference it was apparent that
this keratinous plug obstructed the free egress of sweat, and thus caused forma-
tion of sweat retention cysts (Fig. 7). As seen in Fig. 7d, these cysts ruptured at
times with a foreign body reaction in the dermis (5).
-cr
256 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
A B
C D
FIG. 7. Effects of apocrine sweat retention. (a) Compact keratinous mass in the apocrine
duct orifice. This plug impedes the free egress of sweat. (Contrast with flaky keratin struc-
ture seen in Fig. 1). Magnification 300X. (b) Dilatation of apocrine duct proximal to ob-
struction. Magnification 100X. (c) Apocrine sweat retention cyst, not clinically evident.
Magnification 40X. (d) Rupture of tubule with histiocyte reaction to extravasated apocrine
sweat. Note eccentric location of "foam cells" about rupture site indicated by arrow.
Casts were commonly found within the dilated tubules and ducts (Fig. 8).
Some were finely granular and appeared to be a coagulum of apocrine sweat.
At times the material had a hyalin like character. In other instances, lympho-
cytic and leukocytic cellular infiltrates were seen.
Other material was also found in ducts and tubules. In inflammatory changes
.
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FIG. 8. Casts formation in apocrine sweat retention. (a) Finely granular and hyalin east
in a dilated apocrine duct. Magnification 100X. (b) Inflammatory cell east in dilated apo-
crine duct. Magnification 246X. (c) Hyalin casts in dilated apocrine tubules. Magnification
128X. (d) Inflammatory cell cast in dilated apocrina gland tubule.
in the skin, localized areas of suppurative micro-hidradenitis could be discerned.
In lymphomatous processes the apocrine lumina often were filled with the specific
cellular infiltrate which had penetrated the glandular wall. In these instances the
wall showed degenerative and destructive changes, so that in advanced examples
only vestiges of the gland remained. In some cases the gland was completely
destroyed (Fig. 11).
258 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
A
B
FIG. 9. Changes in cytology induced by injury to the secretory cells. (a) Note necrobiosis
of secretory cells, and desquamation into lumina of gland. Magnification 240X. (b) Close-up
view of secretory cell showing vacuolization. Magnification 830X.
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FIG. 10. Squamous metaplasia. (a) Normal secretory epithelium has de-differentiated to
a more primitive squamous cell epithelium. Proliferation of these metaplastic cells fills the
acini. Magnification 85X. (b) High power view of metaplasia shows the clear reticulated
squamous cells with pylcnotic nuclei. Note close resemblance to sebaceous gland. Magnifica-
tion 570X.
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FIG. 11. Destruction of apocrine gland by extensive inflammatory infiltrate in the dermis.
Magnification 260X.
Metaplasia was another major histologic change which was seen chiefly in the
secretory cells, but to a lesser extent also in the ductal cells (Fig. 10). This
metaplasia took the form of a replacement of normal secretory and ductal
epithelium by a more primitive squamous type of epithelium. These more primi-
tive squamous cells then underwent a proliferative response so that whole acini
became filled with clear reticulated squamous cells with pyknotic nuclei. These
cells have a close resemblance to those of the sebaceous gland. In fact, on casual
inspection, the isolated tubule filled with metaplastic cells was invariably
identified as sebaceous gland. Metaplasia appears to be a response of the gland
cells to trauma, and occurs in a variety of toxic inflammatory conditions. It is a
process of de-differentiation (6).
At times, the secretory cells also showed other variations in structure as a
reaction to injury, such as vacuoliation and necrobiosis (Fig. 9).
Atrophy was the third major change in apocrine gland structure. Here the
apocrine tubules were small and shrunken with atrophic secretory epithelium.
This was seen in atrophic processes of the skin such as lichen scierosus et atrophi-
ens (Fig. 12), and also was seen in hypothyroidism and hypopituitarism. In the
aged, the total number of apocrine glands was sharply decreased and the re-
maining glands were markedly atrophic. Before puberty, apocrine glands were
not seen in a fully differentiated form.
'St
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FIG. 12. Lichen scierosus et atrophicus. Note atrophy of apocrine gland and all other
appendages. Magnification 78X.
C. SPECIFIC APOCRIXE EXTITIES*
Occlusion of the apocririe duct orifice by keratinous plugging resulted in a
series of changes which could be followed histologically by a study of serial
sections. Most commonly, dilatation of the duct and later of the secretory tubules
took place due to the retention of sweat. In two instances relatively large apocrine
sweat retention cysts developed (Fig. 13a) which were clinically apparent (7).
A second change occasionally occurred in susceptible individuals with apocrine
sweat retention. It consisted of a rupture of the epidermal duct as a result of the
increasing distention, and the formation of a sweat retention vesiele within the
epidermis. This led to epidermal damage and the appearance of an inflammatory
* Reference should be made to a previous publication (3) for details on the distinctive
histologic picture of the aprocrine sweat gland in intrinsic localized chronidrosis.
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FIG. 13. Clinical entities of apocrine gland origin. (a) Apocrine sweat retention cyst,
clinically evident. (Note that the cyst wall has pulled a way in process of histologic section-
ing.) Magnification 11X. (b) Fox-Fordyce disease (apocrine miliaria). The terminal apocrine
orifice has been occluded by a keratin plug with resulting dilatation of the apocrine duct.
Increasing distension caused ductal rupture, and an apocrine sweat retention vcsiclc
(arrow) has formed in the epidermis. Epidermal damage is followed by acanthosis and an
inflammatory response in the dermis. Note normal duct in lower part of retc peg. Magnifi-
cation 140X. Hidradenitis suppurativa. (c) Apocrine sweat retention has been followed by
the appearance of bacterial infection and an inflammatory infiltrate within the apocrine
duct and glandular portion. At this early stage, the inflammatory changes arc limited to
within an individual gland. Magnification 28X. (d) View of the late stage of hidradenitis
suppurativa. The severe inflammatory reaction extended throughout the dermis, resulting
in widespread destructiou aud marked fibrosis. A single atrophic apocrine gland remains.
Magnification 28X.
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infiltrate in the upper dermis (13b). This patterning, analogous to miliaria rubra
(i.e., eccrine sweat retention syndrome), is the singular histologic finding in Fox-
Fordyce disease. Accordingly, the name of apocrine miliaria has been suggested
as a synonym for Fox-Fordyce disease (8). In all instances of epidermal sweat
extravasation, pruritus is intense. Compare the histologic findings of intradermal
rupture of the apocrine gland (Fig. 7d). Here the changes are not evident
clinically.
The third change which followed apocrine sweat retention was the appearance
of an inflammatory infiltrate within the apocrine ducts and glandular portions
(13c). This presumably was a reaction to bacterial infection within an occluded
gland (9). This inflammatory reaction becomes so acute as to result in abscess
formation and extension of involvement to adjacent glands. This is hidradenitis
suppurativa. This process eventually results in widespread destruction and re-
placement by fibrous tissue (13d).
SUMMARY
The salient histology and histopathology of the human apocrine sweat gland
has been presented as found in a study of 150 serially sectioned axillary biopsy
specimens.
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